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An i n v e s t i g a t i o n  has  been conducted i n  t h e  Langley 6- by 28-Inch Transonic  
Tunnel to determine t h e  two-dimensional aerodynamic c h a r a c t e r i s t i c s  of t h r e e  
h e l i c o p t e r  rotor a i r f o i l s  a t  Reynolds numbers from t y p i c a l  model scale to  f u l l  
scale a t  Mach numbers from about  0.35 t o  0.90, The model-scale Reynolds num- 
b e r s  ranged from a b o u t  0 .7  x 1 O6 to 1 . 5  x 1 O6 and t h e  f u l l - s c a l e  Reynolds num- 
b e r s  ranged from abou t  3.0 x l o 6  t o  6 . 6  x l o6 .  
NACA 0012 (Oo Tab) ,  t h e  SC 1095-R8, and t h e  SC 1095. Both t h e  SC 1095 and t h e  
SC 1095-R8 a i r f o i l s  had t r a i l i n g - e d g e  t a b s .  
The a i r f o i l s  t e s t e d  were t h e  
The resu l t s  of t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  Reynolds number e f f e c t s  
can be s i g n i f i c a n t  on t h e  maximum normal-force c o e f f i c i e n t  and a l l  d rag - re l a t ed  
parameters; namely, d rag  a t  zero  normal force ,  maximum normal-force-drag ratio, 
and drag-divergence Mach number. I n  gene ra l ,  t h e  increments  i n  t h e s e  parameters 
a t  a g iven  Mach number owing t o  t h e  model-scale t o  f u l l - s c a l e  Reynolds number 
change are d i f f e r e n t  f o r  each of t h e  a i r f o i l s .  
INTRODUCTION 
The development of new r o t o r s  g e n e r a l l y  inc ludes  p r e d i c t i o n s  of t h e  
f u l l - s c a l e  rotor performance based on e x t r a p o l a t i o n  of small-scale-model rotor 
wind-tunnel resu l t s  and based on rotor-performance a n a l y s i s  programs us ing  t w o -  
d imensional  a i r f o i l  d a t a  a t  f u l l - s c a l e  Reynolds numbers. Both p r e d i c t i o n  meth- 
ods have i n h e r e n t  d i f f i c u l t i e s .  The e x t r a p o l a t i o n  of model-scale d a t a  r e q u i r e s  
a knowledge of how t o  increment t h e  a i r f o i l - s e c t i o n  d a t a  f o r  Reynolds number 
e f f e c t s ,  and d a t a  f o r  t h i s  purpose are  seldom a v a i l a b l e .  Rotor-performance 
a n a l y s i s  programs are a l r e a d y  q u i t e  s o p h i s t i c a t e d ,  bu t  t hey  require a d e t a i l e d  
knowledge of t h e  rotor flow f i e l d ,  Improvements of t h e s e  a n a l y s i s  programs can 
b e s t  be accomplished by c o r r e l a t i o n  s t u d i e s  which r e q u i r e  a i r f o i l - s e c t i o n  d a t a  
a t  both model-scale and f u l l - s c a l e  Reynolds n u m b e r s .  
I n  o rde r  to provide  d a t a  f o r  e v a l u a t i n g  e x t r a p o l a t i o n  methods and f o r  
rotor-performance c o r r e l a t i o n  s t u d i e s ,  t he  two-dimensional aerodynamic charac-  
t e r i s t ics  of t h r e e  h e l i c o p t e r  rotor a i r f o i l s  have been determined a t  Mach num- 
bers from 0.35 t o  0.90 and a t  Reynolds numbers from model scale t o  f u l l  scale. 
The model-scale Reynolds numbers ranged from about  0 .7  x 1 O6 to 1 . 5  x 1 06, and 
t h e  full-scale Reynolds numbers ranged from about 3.0 x 1 O6 to  6 . 6  x 1 06 .  The 
a i r f o i l s  i n v e s t i g a t e d  were t h e  NACA 0012 (Oo Tab), t h e  SC 1095-R8, and t h e  
SC 1095. A l l  t h r e e  a i r f o i l s  have a t a b ,  which is a f l a t  p l a t e l i k e  e x t e n s i o n  t o  
t h e  normal t r a i l i n g  edge of an a i r f o i l ,  t h a t  is u s u a l l y  used t o  reduce t h e  a i r -  
f o i l  pitching-moment c o e f f i c i e n t .  These a i r fo i l s  were chosen because some data 
on model rotors and full-scale rotors u t i l i z i n g  t h e s e  airfoils were a v a i l a b l e  
( r e f s .  1 and 2)  or were expected t o  become a v a i l a b l e .  
SYMBOLS 
The u n i t s  used for t h e  p h y s i c a l  q u a n t i t i e s  i n  t h i s  paper are g iven  i n  both  
t h e  I n t e r n a t i o n a l  Systems of U n i t s  (SI )  and U . S .  Customary Un i t s .  The measure- 
ments and c a l c u l a t i o n s  were made i n  U . S .  Customary U n i t s ,  
C a i r f o i l  chord,  cm ( i n , )  
Cd s e c t i o n  p ro f i l e -d rag  c o e f f i c i e n t ,  c C A E  
C 
Wake 
4 point-drag c o e f f i c i e n t ,  
s e c t i o n  p ro f i l e -d rag  c o e f f i c i e n t  a t  drag-divergence Mach number 
cdMdd 







s e c t i o n  normal-force c o e f f i c i e n t ,  1 cpr$) + 1 c p e )  
U.S. L.S. 
p2 - pw 
s t a t i  c-press u r e  m e f  f i c i e n t ,  
he igh t  o f .  wake-survey probe t u b e s  from given r e fe rence  plane,  cm ( i n . )  
Mach number 
Mach number f o r  drag  divergence,  
s t a t i c  p res su re ,  Pa ( p s i )  
dcd/dM = 0.1 
2 
R Reynolds number based on a i r f o i l  chord and f ree-s t ream c o n d i t i o n s  
t a i r f o i l  t h i ckness ,  cm ( i n .  ) 
V v e l o c i t y ,  m/sec ( f  t/sec) 
X a i r f o i l  a b s c i s s a ,  cm ( i n .  ) 
z a i r f o i l  o r d i n a t e ,  cm ( i n .  ) 
ZC o r d i n a t e  of a i r f o i l  mean l i n e ,  cm ( i n . )  
a ang le  of at tack, ang le  between a i r f o i l  chord l i n e  and airstream 
d i r e c t  ion ,  deg 
a C  ang le  of attack c o r r e c t e d  for l i f t - i n t e r f e r e n c e  e f f e c t s ,  deg 
P d e n s i t y ,  kg/m3 ( s l u g s / f t 3 )  
Subsc r ip t s :  
1 local 
max maximum 
0 ze ro  normal f o r c e  
=P separation 
t to t a l  
03 f r e e  stream 
Abbreviat ions:  
L.S. lower s u r f  ace 
U.S. upper s u r f  ace 
APPARATUS AND METHODS 
A i r f o i l s  
The a i r f o i l  p r o f i l e s  are shown i n  f i g u r e  1 and t h e  t h i c k n e s s  d i s t r i b u t i o n s  
and mean l i n e s  are shown i n  f i g u r e  2 .  The SC 1095-R8 a i r fo i l  was de r ived  from 
t h e  SC 1095 a i r f o i l  by t h e  a d d i t i o n  of a drooped nose; t h e  mean l i n e  of t h e  
r e s u l t a n t  a i r f o i l  forward of about  20-percent chord is drooped r e l a t i v e  to  t h a t  
3 
of t h e  SC 1095 a i r f o i l ,  and t h e  t h i c k n e s s  of t h e  SC 1095-R8 a i r f o i l  forward of 
a b o u t  15-percent chord is g r e a t e r  t h a n  t h a t  of t h e  SC 1095 a i r f o i l .  Both air-  
foi ls  have a t r a i l i n g - e d g e  tab  which is about 3-percent chord i n  l e n g t h  and i s  
d e f l e c t e d  upwards about  3 O .  
tested is 9.1-percent chord and i s  l o c a t e d  a t  t h e  25-percent-chord s t a t ion ;  t h e  
maximum th ickness  of t h e  SC 1095-R8 a i r fo i l  as t e s t e d  is 9.0-percent  chord  and 
is also l o c a t e d  a t  t h e  25-percent-chord s t a t i o n .  The maximum camber of t h e  
SC 1095 a i r f o i l  i s  0.8-percent chord: t h e  SC 1095-R8 a i r f o i l  has  t h e  same 
p o s i t i v e  camber as t h e  SC 1095, but  i t  has  a maximum mean-line o r d i n a t e  of 
-1.6-percent chord. The a d d i t i o n  of t h e  Oo Tab t o  t h e  NACA 0012 a i r f o i l  r e s u l t s  
i n  a reduct ion  of t h e  maximum t h i c k n e s s  from 12-percent chord t o  11.7-percent  
chord.  The des ign  c o o r d i n a t e s  f o r  t h e s e  a i r f o i l s  are g iven  i n  t a b l e s  I t o  111. 
The maximum t h i c k n e s s  of t h e  SC 1095 a i r f o i l  as 
The a i r f o i l s  were machined from h e a t - t r e a t e d  s t a i n l e s s - s t e e l  blocks and had 
spans  of 15.27 cm (6 .010  i n . )  and chords of about  7 .87 cm (3.1 i n . ) .  The models 
had about  22 or i f ices  located i n  one chordwise row on each s u r f a c e ;  t h e  o r i f i c e  
rows were p o s i t i o n e d  12.6-percent  span on e i t h e r  s i d e  of midspan ( tab les  I V  
t o  V I ) .  Slots were m i l l e d  i n  t h e  a i r f o i l  s u r f a c e  and t u b e s  were placed i n  t h e  
slots and then  covered wi th  epoxy. The f i n a l  a i r f o i l  contour  had a s u r f a c e  f i n -  
i s h  o f  0.813 pm (0.000032 i n . ) .  The o r i f i c e s  were then  d r i l l e d  from t h e  oppo- 
s i t e  sides of t h e  model so t h e r e  were n o  s u r f a c e  i r r e g u l a r i t i e s  near  t h e  o r i f i c e  
row. The o r i f i c e s  had a diameter  of 0.0508 cm (0.020 i n . )  and were d r i l l e d  per- 
pendicular  t o  t h e  l o c a l - s u r f a c e  contour .  
Wind Tunnel 
Tunnel d e s c r i p t i o n . -  The Langley 6- by 28-Inch Transonic  Tunnel ( r e f .  3) 
is a blawdown wind t u n n e l  wi th  a s l o t t e d  f l o o r  and c e i l i n g  and i s  g e n e r a l l y  
o p e r a t e d  a t  s t a g n a t i o n  p r e s s u r e s  f r a n  about  207 kPa (30 psia) t o  621 kPa 
(90 psia) and a t  Mach numbers from 0.35 t o  0.90. The s e l e c t i o n  of  t h e  0.05- 
open-slot g e a n e t r y  is d e s c r i b e d  i n  d e t a i l  i n  r e f e r e n c e  4 .  Mach number is con- 
t ro l led  by h y d r a u l i c a l l y  a c t u a t e d  choker doors  l o c a t e d  downstream of t h e  t es t  
s e c t i o n .  The a i r f o i l  model spans  t h e  15.27-cm (6,010-in.)  width of t h e  t u n n e l  
( f i g ,  3) and i s  r i g i d l y  a t t a c h e d  by mounting t a n g s  to  t w o  c i r c u l a r  end plates 
which a r e  d r i v e n  by a h y d r a u l i c  a c t u a t o r  to  p o s i t i o n  t h e  a i r f o i l  a t  t h e  d e s i r e d  
a n g l e  of a t t a c k .  A test  run u s u a l l y  c o n s i s t s  of an angle-of-at tack sweep a t  a 
c o n s t a n t  Mach number and Reynolds number. 
Two-dimensionality of f lm.-  The r e s u l t s  of a prev ious  i n v e s t i g a t i o n  of  
r o t o r c r a f t  a i r f o i l s  i n  t h e  Langley 6- by 28-Inch Transonic  Tunnel ( r e f .  5 )  
have shown t h a t  t h e  i n d i c a t e d  maximum normal-force c o e f f i c i e n t  is reduced by 
tunnel-wall  boundary-layer i n f l u e n c e s .  T h i s  r e d u c t i o n  is c h a r a c t e r i s t i c  of 
two-dimensional wind t u n n e l s  wi thout  proper sidewall boundary-layer c o n t r o l  
and occurs  because t h e  tunnel-wal l  boundary l a y e r  is t h i c k e r  t h a n  t h a t  of t h e  
a i r f o i l :  t h e r e f o r e ,  i n i t i a l  separation begins  a t  t h e  t u n n e l  w a l l .  E f f o r t s  are 
under way to correct t h i s  d i f f i c u l t y ,  b u t  t h e  s o l u t i o n  was n o t  a v a i l a b l e  for 
t h e  i n v e s t i g a t i o n  d e s c r i b e d  i n  t h i s  paper. 
Although i t  is not  possible to  determine p r e c i s e l y  t h e  a f f e c t e d  Mach 
number range or t h e  loss i n  maximum normal-force c o e f f i c i e n t  of t h e  a i r f o i l s  
r e p o r t e d  h e r e i n ,  a camparison of t h e  NACA 0012 data measured i n  t h i s  f a c i l i t y  
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w i t h  0.125 open s lots  ( r e f .  5) w i th  unpublished d a t a  from t w o  o t h e r  f a c i l i t i e s  
has  been u s e f u l  i n  i n d i c a t i n g  t h e  magnitude of t h e s e  losses. The maximum 
normal-force c o e f f i c i e n t s  measured i n  t h e  Langley Low-Turbulence P r e s s u r e  
Tunnel and t h e  Uni ted  Technologies Research Center 8 f o o t  t u n n e l  a t  similar 
Reynolds numbers and a t  a Mach number of 0.36 a r e  h igher  than  t h a t  f r a n  t h e  
Langley 6- by 28-Inch Transonic  Tunnel by about 0 . 1 5 .  The d i f f e r e n c e  between 
t h e  d a t a  f r a n  t h e  Langley 6- by 28-Inch Transonic  Tunnel and t h e  Uni ted  Tech- 
no log ie s  d a t a  decreased  to 0.10 a t  a Mach number of about  0.55. Incrementa l  
va lues  f o r  o t h e r  a i r fo i l s  may v a r y  s l i g h t l y  because of s p e c i f i c  c o n f i g u r a t i o n  
i n f l u e n c e s .  
An i n v e s t i g a t i o n  conducted i n  t h e  Of f i ce  Na t iona l  d 'E tudes  e t  de Recherches 
A6rospatiales (ONERA) R1 Ch wind t u n n e l  ( r e f .  6 )  has  shown t h a t  the: t u n n e l  s ide -  
w a l l  boundary l a y e r  can a f f e c t  t h e  normal-force c o e f f i c i e n t s  a t  a l l  ang le s  of 
attack ( t h a t  is, wi th  e i t h e r  a t t a c h e d  or sepa ra t ed  boundary l a y e r s ) .  I n  t h i s  
i n v e s t i g a t i o n ,  t he  s i d e w a l l  boundary-layer t h i ckness  was v a r i e d  by app ly ing  
s i d e w a l l  s u c t i o n  upstream of t h e  model while t h e  Mach number and Reynolds num- 
ber were h e l d  c o n s t a n t .  Gene ra l ly  an  inc rease  i n  s i d e w a l l  boundary-layer t h i ck -  
n e s s  r e s u l t e d  i n  a dec rease  i n  t h e  normal-force c o e f f i c i e n t  a t  a g iven  a n g l e  of 
a t tack;  the  t r e n d  r eve r sed  a t  Mach numbers greater than  0.85 wi th  a supercriti- I 
cal a i r f o i l .  
Apparatus 
Wake-survey probe.- A t r a v e r s i n g  wake-survey probe is c a n t i l e v e r e d  f r a n  one 
tunne l  s i d e w a l l  to  measure t h e  p r o f i l e  drag  of t h e  a i r f o i l s .  The probe v e r t i c a l  
sweep rate, which was s e l e c t e d  a f t e r  exper imenta l  de t e rmina t ion  of a c c e p t a b l e  
l a g  t i m e  i n  t h e  p r e s s u r e  measurements, was about 2.54 cm/sec (1 . O O  i n / s e c )  . 
The probe was l o c a t e d  3.69 chords  (based on t h e  7.87-cm (3 .10- in . )  chord 
model) downstream of t h e  a i r f o i l  t r a i l i n g  edge and has  a maximum v e r t i c a l  t r a v e l  
of a b o u t  k27.9 cm ( k l l .  0 i n .  ) from t h e  tunnel  c e n t e r  l i n e  ( f i g .  3 ) .  Data a re  
acqu i red  wi th  fou r  total-pressure tubes ,  which are  made of s t a i n l e s s - s t e e l  
t ub ing ,  w i th  a 1.53-mm o u t s i d e  diameter and a 1.02-mm i n s i d e  diameter (0.060 i n .  
by 0.040 i n , ) ;  t h e  tubes  are spaced 0.953 cm (0.375 i n . )  apart l a t e r a l l y  as 
shown i n  f i g u r e  4 .  
I n s t rumen ta t ion . -  A l l  measurements made du r ing  t h e  tes t  program were 
o b t a i n e d  wi th  t h e  use of a high-speed, computer-controlled d i g i t a l  d a t a  acqui- 
s i t i o n  system and were recorded  by a high-speed tape- record ing  u n i t  ( r e f .  3 ) .  
A l l  free-stream c o n d i t i o n s  were determined f r a n  s t a g n a t i o n  and s ta t ic  pressures. 
A l l  a i r f o i l  s u r f a c e  pressures and a l l  wake p res su res  were measured w i t h  preci- 
s i o n  c a p a c i t i v e  p o t e n t i a n e t e r  pressure t r ansduce r s .  The electrical  o u t p u t s  
from each of t h e s e  t r a n s d u c e r s  were connected t o  i n d i v i d u a l  au toranging  s i g n a l  
c o n d i t i o n e r s  which have seven a v a i l a b l e  ranges.  
four  s i g n a l  c o n d i t i o n e r s  measuring t h e  wake p r e s s u r e s  were f i l t e r e d  w i t h  
20-Hz low-pass f i l t e r s  be fo re  i n p u t  t o  t h e  da t a  a c q u i s i t i o n  system; t h e  range  
of f r equenc ie s  to be passed  was exper imenta l ly  determined du r ing  a p rev ious  
i n v e s t i g a t i o n .  The geanetric a n g l e  of a t t a c k  was determined f r a n  t h e  o u t p u t  
of a d i g i t a l  s h a f t  encoder a t t a c h e d  t o  a p in ion  engaging a rack on  one  model 
s u p p o r t  end plate .  
The o u t p u t  s i g n a l s  f r a n  t h e  
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T e s t s  and Methods 
A l l  of t h e  t e s t i n g  was conducted wi th  smooth model s u r f a c e s .  Tests were 
made a t  s t agna t ion  pressures f r a n  121 kPa (17.5 psia) t o  138 kPa (20 p s i a )  t o  
o b t a i n  Reynolds numbers t y p i c a l  of model-scale rotors a t  Mach numbers f r a n  a b o u t  
0.35 to  0.90. Th i s  range of s t a g n a t i o n  pressures was belaw t h a t  normally run i n  
t h e  Langley 6- by 28-inch Transonic  Tunnel, and a t u n n e l  c a l i b r a t i o n  a t  t h e s e  
pressures i n d i c a t e d  t h a t  a new c a l i b r a t i o n  s h o u l d  be used to reduce t h e s e  data. 
An a d d i t i o n a l  new c a l i b r a t i o n  was used to  reduce d a t a  a t  s t a g n a t i o n  pressures 
from 165 kPa (24 p s i a )  t o  193 kPa (28 p s i a ) .  T h i s  range of s t a g n a t i o n  pressures 
w a s  used to  o b t a i n  data a t  Reynolds numbers between model scale and f u l l  scale. 
The f u l l - s c a l e  Reynolds number data were ob ta ined  by t e s t i n g  a t  s t a g n a t i o n  pres- 
sures f r a n  531 kPa ( 7 7  psia) to  621 kPa (90 p s i a )  a t  t h e  lowest and h i g h e s t  t es t  
Mach numbers, r e spec t ive ly .  Geometric ang le s  of a t tack ranged from -4O t o  18O 
a t  increments of 20 a t  t h e  lower tes t  Mach numbers: t h i s  range was decreased a t  
t h e  higher test Mach numbers. 
Sec t ion  normal-f orce and pitching-manent c o e f f i c i e n t s  were calculated from 
the a i r f o i l  su r f ace  p re s su res  by a t r a p e z o i d a l  i n t e g r a t i o n  of t he  p r e s s u r e  coef- 
f i c i e n t s .  The pressure c o e f f i c i e n t  a t  t h e  most rearward o r i f i c e  on each surface 
was appl ied f r u n  t h a t  s t a t i o n  to  the  a i r f o i l  t r a i l i n g  edge i n  t h e  i n t e g r a t i o n  
because t h e  mal l  model s i z e  d i d  not allow i n s t a l l a t i o n  of o r i f i c e s  i n  t h e  air- 
f o i l  tab.  Each of the p r e s s u r e  c o e f f i c i e n t s  r e p r e s e n t s  the  average of  f i v e  mea- 
surements ob ta ined  i n  a 1.0-second i n t e r v a l .  A form of t h e  equa t ion  described 
i n  re ference  7 was used t o  c a l c u l a t e  t h e  point-drag c o e f f i c i e n t s  f r m  the  mea- 
sured wake pressures, and a t r a p e z o i d a l  i n t e g r a t i o n  of t h e  poin t -drag  c o e f f i -  
c i e n t s  was used t o  c a l c u l a t e  t h e  drag  c o e f f i c i e n t .  The s t a t i c  pressures used i n  
t h e  wake  drag c a l c u l a t i o n  were measured wi th  tunne l  sidewall o r i f i c e s  located a t  
t h e  same l o n g i t u d i n a l  tunnel  s t a t i o n  as the  t ips  of the t u b e s  on t h e  wake-survey 
probe. A l l  of t h e  drag  c o e f f i c i e n t s  p re sen ted  i n  t h i s  paper r e p r e s e n t  t h e  mean 
of  the measurements made wi th  t h r e e  total-pressure t u b e s  on t h e  wake-survey 
probe i n  one sweep through a wake.  The c o r r e c t i o n s  f o r  l i f t  i n t e r f e r e n c e ,  which 
have been app l i ed  to  the  ang le s  of attack, were ob ta ined  f r a n  r e f e r e n c e s  4 
and 8 .  The b a s i c  equations f o r  t h e  c o r r e c t i o n  (see r e f .  8 )  are 
= cc + ACC 
where 
and a is the s lo t  spac ing  and h i s  the  semiheight  of the  tunnel .  The 
s lo t t ed -wa l l  boundary-condition c o e f f i c i e n t  k for t h e  p r e s e n t  t unne l  config-  
u r a t i o n  is 0.4211K. A value of 3.5 was selected for t h e  slotted-wall p r f o r m -  
6 
ante c o e f f i c i e n t  K, based on t h e  data and d i s c u s s i o n  p r e s e n t e d  i n  reference 4. 
T h i s  s u b s t i t u t i o n  r e s u l t s  i n  a c o r r e c t i o n  g iven  by t h e  e q u a t i o n  
R e s u l t s  
where c is  i n  cent imeters ,  a is i n  degrees, and t h e  c o n s t a n t  i s  i n  degrees  
per cent imeter .  
A i r f o i l  F i g u r e  
PRESENTATION OF RESULTS 
Cn a g a i n s t  a,; % and Cd 
a g a i n s t  cn 
The r e s u l t s  of t h e  i n v e s t i g a t i o n  have been reduced to  c o e f f i c i e n t  form and 
are presented i n  t h e  fo l lowing  table: 
NACA 0012 (Oo Tab) 
SC 1095 
SC 1095-R8 
Cp a g a i n s t  M SC 1095-R8 















NACA 001 2 (Oo Tab) 
SC 1095 
SC 1095-R8 
1 0  






NACA 001 2 (Oo Tab) 
SC 1095-R8 
SC 1095 




1 2  
13, 16, 20 
14, 1 7  
15, 1 8  
1 9  
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DISCUSS ION 
Normal Force  
Maximm normal-force m e f f  i c i e n t .  - The maximum normal-force m e f f  i- 
c i e n t s  of t h e  NACA 0012 (0° Tab),  t h e  SC 1095-R8, and t h e  SC 1095 a i r f o i l s  have 
been determined from t h e  normal-force curves  p re sen ted  i n  f i g u r e s  5 (a ) ,  6 ( a ) ,  
and 7 ( a ) ,  r e spec t ive ly ,  and are p l o t t e d  as a f u n c t i o n  of Mach number i n  f i g -  
u re  8. Figure  8 s h o w s  t h a t  t he  e f f e c t  of Reynolds number on Cn,max is d i f f e r -  
e n t  f o r  t he  t h r e e  a i r f o i l s .  The maximun normal-force c o e f f i c i e n t  i n c r e a s e s  with 
i n c r e a s i n g  Reynolds number f o r  t h e  range of Mach numbers p re sen ted  f o r  both t h e  
NACA 0012 (Oo Tab) and t h e  SC 1095-R8 a i r f o i l s  but n o t  f o r  t h e  SC 1095 a i r f o i l .  
I nc reases  i n  Reynolds number r e su l t  i n  l i t t l e  change or a small r educ t ion  i n  
c ~ , ~ ~ ~  f o r  t h e  SC 1095 a i r f o i l .  I n  add i t ion ,  t h e  increment  i n  cnlmax result- 
i n g  from the same increment i n  Reynolds number 
NACA 0012 (Oo Tab) and t h e  SC 1095-R8 a i r f o i l s .  These results are n o t  s u r -  
p r i s i n g  s ince  the  f l o w  f i e l d  on t h e s e  a i r f o i l s  a t  
r eg ions  of s u p e r c r i t i c a l  flow, and it has been shown t h a t  t h e  type  and magnitude 
of the  s c a l e  e f f e c t  on f o r  t h e  incompress ib le  case do not  vary  i n  any 
c o n s i s t e n t  manner ( r e f .  9 ) .  These t r e n d s  can be exp la ined  by t h e  normal-force 
curves and t he  p re s su re  d i s t r i b u t i o n s  ( f i g s .  13  t o  18) .  The i n c r e a s e s  i n  
Cn,max of t h e  NACA 0012 (Oo Tab) and t h e  SC 1095-R8 a i r f o i l s  are t h e  resu l t  of 
e i t h e r  one or both of the fol lowing:  (1)  Increased  s u c t i o n  (more nega t ive  C ) 
on the  upper s u r f a c e  near  t h e  l e a d i n g  edge a t  t h e  same ang le  of attack (figs.'13 
and 1 4 ) ;  and (2) a d e l a y  of the t u r b u l e n t  boundary-layer s e p a r a t i o n  t o  a higher  
ang le  of a t t a c k  a t  t h e  h igher  Reynolds number. (See f i g s .  5 (a) ,  13, 16, 6 (a) ,  
14 ,  and 17 . )  The v a l u e s  of %,max f o r  t he  SC 1095 a i r f o i l  g e n e r a l l y  d e c r e a s e  
with i n c r e a s i n g  Reynolds number because of t h e  occurrence  of s u b s t a n t i a l  
boundary-layer s e p a r a t i o n  a t  a lower ang le  of at tack a t  t h e  higher  Reynolds num- 
ber ( f i g s .  7 ( a )  and 1 5 ) .  This  t r e n d  of c ~ , ~ ~ ~  is p o s s i b l y  caused by a forward 
movement of a laminar s e p a r a t i o n  bubble w i t h  i n c r e a s i n g  Reynolds number which 
would resul t  i n  a g r e a t e r  l e n g t h  of t u r b u l e n t  boundary l a y e r  a t  t h e  higher  
Reynolds number. The presence of a laminar  s e p a r a t i o n  bubble may be respons i -  
b l e  f o r  t h e  r e l a t e d  tendency of Cic f o r  c ~ , ~ ~ ~  to be g e n e r a l l y  lower a t  t h e  
h igher  Reynolds numbers (M 2 0.54).  
A%/& is not t h e  same f o r  t h e  
c,,,,, g e n e r a l l y  inc ludes  
%,max 
A t  t h e  f u l l - s c a l e  Reynolds numbers t h e  va lues  of Cn,max f o r  t h e  
SC 1095-R8 a i r f o i l  are higher  than t h o s e  f o r  t h e  SC 1095 a i r f o i l  a t  all Mach 
numbers presented,  but a t  t h e  model-scale Reynolds numbers t h e  va lues  of Cn,max 
f o r  t he  SC 1095-R8 a i r f o i l  exceed t h o s e  for the  SC 1095 a i r f o i l  on ly  f o r  Mach 
numbers u p  to  about  0.40 ( f i g .  8 ) .  This  t r e n d  a t  t h e  h i g h e s t  Reynolds number is 
t h e  expected result of the inc reased  leading-edge camber and g r e a t e r  t h i c k n e s s  
i n  t h e  leading-edge r eg ion  of t h e  SC 1095-R8 a i r f o i l .  F igure  8 also shows t h a t  
the a i r fo i l  with t h e  h i g h e s t  va lues  of 
s e n s i t i v i t y  to  i n c r e a s i n g  Mach number f o r  M < 0.55. The dec rease  i n  Cn,max 
of  the SC 1095-R8 a i r f o i l  is the r e s u l t  of e i t h e r  supercr i t ical  flow-induced 
sepa ra t ion  o c c u r r i n g  at  a lower ang le  of at tack or a more e x t e n s i v e  s e p a r a t i o n  
( sepa ra t ion  po in t  f a r t h e r  forward)  o c c u r r i n g  a t  t h e  same a n g l e  of at tack w i t h  
i n c r e a s i n g  Mach number ( f i g s .  1 7  and 1 9 ) .  S ince  t h e  SC 1095-R8 a i r f o i l  is more 
h igh ly  loaded i n  the  leading-edge r eg ion  than  t h e  o t h e r  t w o  a i r f o i l s  and t h e  
boundary-layer s e p a r a t i o n  reduces t h e  leading-edge s u c t i o n ,  t h e  r e d u c t i o n  i n  
Cn,max wi th  Mach number i s  g r e a t e r  f o r  t h i s  a i r f o i l .  
cnlmax, the  SC 1095-R8, has the  g r e a t e s t  
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For t h e  range of Mach numbers presented i n  f i g u r e  8, t h e  s t a l l  of  both t h e  
NACA 0012 (Oo Tab) and t h e  SC 1095-R8 a i r fo i l s  becomes less a b r u p t  as a r e s u l t  
of i n c r e a s i n g  Reynolds number from model s c a l e  to f u l l  scale ( f i g s .  5 ( a )  and 
6 ( a ) ) .  The s t a l l  of t h e  SC 1095 a i r f o i l  becomes less a b r u p t  wi th  i n c r e a s i n g  
Reynolds number for Mach numbers of about 0.39 and 0.44 b u t  n o t  a t  t h e  o t h e r  
Mach numbers ( f ig .  7 ( a ) ) .  The p r e s s u r e  d i s t r i b u t i o n s  p r e s e n t e d  i n  f i g u r e s  16  
to  1 8  i n d i c a t e  t h a t  t h e  s t a l l  of  t h e s e  a i r f o i l s  is of t h e  t r a i l i n g - e d g e  type  by 
t h e  c h a r a c t e r i s t i c  loss of  p r e s s u r e  recovery (more n e g a t i v e  Cp) on t h e  upper 
s u r f a c e  near t h e  t r a i l i n g  edge. 
Slope.- The slopes of t h e  normal-force curves  o f  bo th  cambered a i r f o i l s  
i n c r e a s e  s l i g h t l y  wi th  i n c r e a s i n g  Reynolds number a t  almost a l l  Mach numbers 
presented .  The slopes of t h e  curves  of t h e  NACA 0012 (Oo Tab) a i r f o i l  are 
e s s e n t i a l l y  i n s e n s i t i v e  to Reynolds number changes e x c e p t  a t  t h e  h i g h e s t  test 
Mach number. F i g u r e  5 ( a )  shows a l a r g e  and unusual change i n  t h e  slope of t h e  
normal-force curve  of t h e  NACA 0012 (Oo Tab) a i r f o i l  wi th  i n c r e a s i n g  Reynolds 
number a t  a Mach number o f  about  0.88. The test r u n s  a t  t h i s  Mach number and 
a Reynolds number of 2.1 x l o 6  were made twice and t h e  r e p e a t a b i l i t y  of  t h e  d a t a  
was e x c e l l e n t .  The p r e s s u r e  d i s t r i b u t i o n s  presented  i n  f i g u r e  20 for an angle  
of attack of  about  -2.0° i n d i c a t e  t h a t  t h e  shock p o s i t i o n  on t h e  upper s u r f a c e  
moves forward as a r e su l t  of i n c r e a s i n g  Reynolds number from 1.5 x 1 O 6  to  
2.1 x l o 6  and then  moves rearward a g a i n  a t  t h e  h i g h e s t  Reynolds number. This  
forward s h i f t  o f  t h e  shock p o s i t i o n  r e s u l t s  i n  s u b s t a n t i a l l y  more down l o a d  
(negat ive  l i f t )  on t h e  rear of t h e  a i r f o i l  a t  a Reynolds number of 2.1 x lo6,  
t h u s  g i v i n g  r i s e  to a steeper slope. 
The SC 1095-R8 and SC 1095 a i r f o i l s  b o t h  have near-zero normal force a t  
aC = Oo, a l though t h e y  are cambered a i r f o i l s .  
is t h e  r e s u l t  of both t h e  camber-line geometry and t h e  t r a i l i n g - e d g e  t ab .  
T h i s  near-zero normal force 
P i t c h i n g  Moment 
The pitching-moment c o e f f i c i e n t  about t h e  aerodynamic c e n t e r  (Cm a t  
Cn = 0) is e s s e n t i a l l y  unchanged by i n c r e a s e s  i n  Reynolds number a t  a l l  
Mach numbers presented  f o r  t h e s e  t h r e e  a i r f o i l s  ( f i g s .  5 ( b ) ,  6 ( b ) ,  and 7 ( b ) ) .  
These f i g u r e s  also show t h a t  t h e  o n l y  e f f e c t  of Reynolds number is to  change t h e  
"knee" of t h e  curve;  t h a t  is, i n c r e a s e s  i n  Reynolds number g e n e r a l l y  move t h e  
nose-down break to h igher  normal-force c o e f f i c i e n t s  f o r  a l l  t h e  a i r f o i l s  a t  Mach 
numbers up to  about  0.78. This  r e s u l t  i s  expected where t h e  maximum normal- 
force c o e f f i c i e n t s  i n c r e a s e  wi th  i n c r e a s i n g  Reynolds number. A t  a Mach number 
of about  0.88, t h e  t r e n d  of t h e  p i t c h i n g  moment of t h e  NACA 0012 (Oo Tab) air-  
f o i l  is s u b s t a n t i a l l y  d i f f e r e n t  a t  a Reynolds number of  2.1 x l o 6  than  a t  t h e  
lowest and h i g h e s t  Reynolds numbers. The reason f o r  t h i s  d i f f e r e n c e  is t h e  
s h i f t  of t h e  shock p o s i t i o n  w i t h  Reynolds number mentioned previous ly .  The 
pitching-moment c o e f f i c i e n t  about  t h e  aerodynamic c e n t e r  (Cm a t  Cn = 0)  of 
t h e  SC 1095-R8 a i r fo i l  displays t h e  most s e n s i t i v i t y  to  i n c r e a s i n g  Mach number. 
Analys is  of t h e  p r e s s u r e  d i s t r i b u t i o n s  (f igs.  17 and 18 )  i n d i c a t e s  t h a t  t h e  
SC 1095-R8 a i r f o i l  develops s u p e r c r i t i c a l  flow on t h e  lower s u r f a c e  a t  a lower 
free-s t ream Mach number than  t h e  SC 1095 a i r f o i l ,  and i t  is  t h e  growth o f  t h i s  
s u p e r s o n i c  zone wi th  i n c r e a s i n g  Mach number t h a t  causes  t h e  g r e a t e r  Mach number 
s e n s i t i v i t y  ( f ig .  21).  
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It i s  i n t e r e s t i n g  to note t h a t  t h e  data of  f i g u r e s  6 ( b )  and 7 ( b )  s u g g e s t  
t h a t  both of t h e  cambered a i r f o i l s  were designed f o r  zero  pitching-manent coef- 
f i c i e n t ,  al though sane au thor s  have mentioned a pitching-manent l e v e l  of up  t o  
10.021 as accep tab le  (ref. 1 0 ) .  The zero  pitching-manent l e v e l  of t h e  SC 1095 
and the  SC 1095-R8 a i r f o i l s  is due to  t h e  t r a i l i n g - e d g e  tab. I t  is also i n t e r -  
e s t i n g  t o  note  t h a t  t h e  leading-edge m o d i f i c a t i o n s  made t o  t h e  SC 1095 a i r f o i l  
which r e s u l t e d  i n  the  SC 1095-R8 c o n f i g u r a t i o n  d i d  n o t  change t h e  p i t ch ing -  
manent c o e f f i c i e n t  about  t h e  aerodynamic cen te r  by more than about  0.01 f o r  Mach 
numbers as high as 0.73 b u t  d i d  i n c r e a s e  t h e  va lues  of Cn,max s i g n i f i c a n t l y .  
Drag 
Drag a t  zero  normal force.-  A t  a cons t an t  Mach number, the  e f f e c t  of 
i nc reas ing  Reynolds number from model scale to  f u l l  scale is to  reduce 
f o r  both cambered a i r f o i l s  f o r  a l l  Mach numbers p re sen ted  and to  reduce Cd,o 
f o r  t h e  NACA 0012 (Oo Tab) a i r f o i l  f o r  Mach numbers u p  to  about  0.65 ( f i g .  9 ) .  
The d i f f e r e n c e  i n  of the NACA 0012 (Oo Tab) a i r f o i l  a t  model-scale and 
f u l l - s c a l e  Reynolds numbers is small a t  t h e  lowest tes t  Mach number (0.34) ,  and 
t h i s  d i f f e r e n c e  g radua l ly  d i sappea r s  wi th  i n c r e a s i n g  Mach number. The incre-  
mental  decrease  i n  a t  a g iven  Mach number is g e n e r a l l y  d i f f e r e n t  f o r  each  
of the  a i r f o i l s ;  t he  ACd,o f o r  t he  S C  1095-R8 a i r f o i l  is the  l a r g e s t ,  and t h a t  
f o r  t h e  NACA 0012 (Oo Tab) a i r f o i l ,  t h e  smallest. These t r e n d s  are t h e  resu l t  
of the  well-known reduc t ion  i n  laminar and t u r b u l e n t  boundary-layer s k i n  f r i c -  




The i n s e n s i t i v i t y  of Cd, 0 of the  NACA 0012 (Oo Tab) a i r f o i l  to  Reynolds 
number is c o n s i s t e n t  with low-speed data of t h e  NACA 001 2 a i r f o i l  ( r e f s .  9 
and 1 2 ) .  f o r  t he  NACA 001 2 (Oo Tab) a i r f o i l  a t  a Mach num- 
ber of 0.43 and a Reynolds number of 3.9 x l o 6  is about  0.0005 h igher  t han  t h a t  
measured f o r  t h e  NACA 0012 a i r f o i l  i n  t h e  Langley Low-Turbulence P r e s s u r e  Tunnel 
a t  a Mach number of 0.36 and t h e  same Reynolds number (unpubl ished da t a ) .  The 
d i f f e r e n c e  i n  drag l e v e l  may be due to  a higher  t u rbu lence  l e v e l  i n  t h e  Langley 
6- by 28-Inch Transonic  Tunnel a t  s t a g n a t i o n  p res su res  above about  517 kPa 
(75 p s i a ) .  Unpublished NACA 0012 a i r f o i l  data measured on t w o  d i f f e r e n t  chord 
models a t  t h e  same Mach number and Reynolds number i n  t h e  Langley 6- by 28-Inch 
Transonic  Tunnel i n d i c a t e  a higher  C d , O  f o r  t h e  smaller chord model, t hus  
implying a higher  t u rbu lence  l e v e l  a t  t h e  higher  s t a g n a t i o n  p r e s s u r e  (552 kPa 
(80 p s i a ) ) .  Therefore  the  increments  i n  C d l 0  f r m  model-scale to  f u l l - s c a l e  
Reynolds numbers p re sen ted  i n  t h i s  paper are be l i eved  to be smaller than  t h o s e  
which would be measured i n  f r e e  a i r .  
The value of cd,o 
Analysis  of - t h e  p r e s s u r e  d i s t r i b u t i o n s  i n d i c a t e s  t h a t  t h e  i n c r e a s e  i n  
Cd,o with i n c r e a s i n g  Mach number f o r  each of the  a i r f o i l s  a t  both model-scale 
and f u l l - s c a l e  Reynolds numbers is t h e  resul t  of t h e  developnent  of s u p e r c r i t i -  
cal flow and shock waves. 
Maximum normal-force-drag ratio.- The va lues  of (Cr/cd)max have been 
determined from the  drag data  shown i n  f i g u r e s  5(c),  6 ( c ) ,  and 7 ( c )  and are 
presented  as a f u n c t i o n  of Mach number i n  f i g u r e  10 .  
t h e  values of 
Reynolds number f r m  model scale to  f u l l  scale for a l l  Mach numbers presented .  
A t  a c o n s t a n t  Mach number, 
(Cn/cd)max for a l l  the  a i r f o i l s  i n c r e a s e  w i t h  an i n c r e a s e  i n  
1 0  
The i n c r e a s e s  i n  t h i s  parameter wi th  Reynolds number are t h e  r e su l t  of both a 
lower s k i n - f r i c t i o n  drag  f o r  a given normal-force c o e f f i c i e n t  and a de lay  of 
t u r b u l e n t  boundary-layer s e p a r a t i o n  t o  higher normal-force c o e f f i c i e n t s  a t  t h e  
h ighe r  Reynolds numbers. The increments  i n  (Cn/cd)max due t o  Reynolds number 
a t  a given Mach number less than 0.70 are g e n e r a l l y  q u i t e  d i f f e r e n t  f o r  each 
of t h e  a i r f o i l s .  The i n c r e a s e s  i n  (Cn/cd)max due t o  Reynolds number are gen- 
e r a l l y  small fo r  a l l  the a i r f o i l s  a t  Mach numbers above about  0.70 where supe r -  
c r i t i ca l  flow e f f e c t s  predominate over  the  v iscous  e f f e c t s .  This  predominance 
can be i l l u s t r a t e d  by showing t h a t  t he  knee of the  d rag  curve  is c o n t r o l l e d  by 
t h e  developnent of s u p e r c r i t i c a l  flow and n o t  by s e p a r a t i o n .  By drawing a 
t angen t  to t h e  drag  curve of the NACA 001 2 (Oo Tab) a i r f o i l  a t  a Mach number 
of 0.77 and a Reynolds number of 6.5 x l o 6  ( f i g .  5 ( c ) ) ,  
t o  occur a t  a normal-force c o e f f i c i e n t  of about 0.26. The p res su re  d i s t r i b u t i o n  
( f i g .  1 6  (j)) corresponding to a higher  Cn (0.36) i n d i c a t e s  supercr i t ical  f law 
on t h e  upper s u r f a c e  from about 3- to 50-percent chord and no c h a r a c t e r i s t i c s  of 
sepa ra t ion .  (Minor s e p a r a t i o n  could e x i s t  a f t  of 93-percent chord. ) 
(Cdcd)max is shown 
Drag divergence.-  The d rag  c o e f f i c i e n t s  a t  cons t an t  va lues  of were 
cross p l o t t e d  to  o b t a i n  t h e  drag-divergence Mach numbers. The normal-force 
c o e f f i c i e n t s  corresponding t o  t h e  drag-divergence Mach numbers a t  model-scale 
and f u l l - s c a l e  Reynolds numbers are presented i n  f i g u r e  11 .  The e f f e c t  of 
Reynolds number on Mdd 
0.7 for a l l  t h e  airfoils.  The drag divergence a t  high normal-force c o e f f i c i e n t s  
(Cn > 0.7) may be c o n t r o l l e d  more by shock-induced boundary-layer s e p a r a t i o n  
than  by s o n i c  f l o w  ( r e f .  1 3 )  moving aft  of t h e  a i r f o i l  crest. An a n a l y s i s  of 
t h e  pressure d i s t r i b u t i o n s  for t h e s e  a i r f o i l s  a t  model-scale Reynolds numbers 
s u g g e s t s  t h a t  t h i s  is t h e  case. This  exp lana t ion  f o r  d rag  d ivergence  would be 
c o n s i s t e n t  w i th  the  g e n e r a l l y  l a r g e r  e f f e c t  of Reynolds number on a t  t h e  
high va lues  of 
divergence r e s u l t i n g  from flow sepa ra t ion .  The drag-divergence Mach number a t  
zero  normal-force c o e f f i c i e n t  of t h e  NACA 001 2 (Oo Tab) and t h e  SC 1095 a i r f o i l s  
i s  unchanged by t he  i n c r e a s e  i n  Reynolds number, but t h a t  of the  SC 1095-R8 a i r -  
f o i l  is reduced by a b o u t  0.02 because of t h e  i n c r e a s e  i n  Reynolds number. Fig- 
u r e  11 also i n d i c a t e s  that t h e  drag-divergence Mach numbers corresponding t o  a l l  
normal-force c o e f f i c i e n t s  between about  -0.1 and 0.3 of t h e  SC 1095-R8 a i r f o i l  
are lower a t  t h e  f u l l - s c a l e  Reynolds numbers than a t  t h e  model-scale Reynolds 
numbers. A s t u d y  of t h e  curves  of Cd a g a i n s t  M for t h i s  range of normal- 
f o r c e  c o e f f i c i e n t s  ( f i g .  22) i n d i c a t e s  t h a t  t h e  drag  c o e f f i c i e n t s  a t  a Mach num- 
ber of 0.78 a t  t h e  f u l l - s c a l e  Reynolds numbers would have to  be lower f o r  t h e  
to  be as high as t h a t  a t  t h e  model-scale Reynolds numbers. Although 
Reynolds number has e s s e n t i a l l y  no e f f e c t  on Mdd of t h e  NACA 0012 (Oo Tab) 
a i r f o i l  a t  normal-force coeff i c i e n t s  up to  about 0.75, t he  d rag  c o e f f i c i e n t  
a t  Mdd is reduced a t  t h e  f u l l - s c a l e  Reynolds number f o r  normal-force coef- 
dec reases  f i c i e n t s  g r e a t e r  t h a n  0.2 ( f i g .  12 ) .  Figure 12 shows t h a t  
wi th  i n c r e a s i n g  Reynolds number f o r  almost a l l  normal-force c o e f f i c i e n t s  f o r  
both cambered a i r f o i l s .  
is g r e a t e s t  f o r  normal-force c o e f f i c i e n t s  above about  




An i n v e s t i g a t i o n  has  been conducted i n  t h e  Langley 6- by 28-Inch Transonic  
Tunnel to  determine t h e  two-dimensional aerodynamic c h a r a c t e r i s t i c s  of t h r e e  
h e l i c o p t e r  rotor a i r f o i l s  a t  Reynolds numbers from model scale to  f u l l  scale a t  
Mach numbers from about 0.35 t o  0.90, The a i r f o i l s  inc luded  i n  t h i s  i nves t iga -  
t i o n  were t h e  NACA 0012 (Oo Tab) ,  t h e  SC 1095-R8, and t h e  SC 1095. Ana lys i s  of  
t h e  t es t  da ta  has r e s u l t e d  i n  t h e  fo l lowing  conclus ions :  
1 .  The maximum normal-force c o e f f i c i e n t s  of t h e  NACA 0012 (Oo Tab) and t h e  
SC 1095-RE a i r f o i l s  i nc reased  wi th  i n c r e a s i n g  Reynolds number a t  a l l  Mach nun- 
b e r s  presented .  The maximum normal-force c o e f f i c i e n t s  of t h e  SC 1095 a i r f o i l  
a t  f u l l - s c a l e  Reynolds numbers were about  t h e  same or s l i g h t l y  lower than  t h o s e  
a t  model-scale Reynolds numbers. 
2. The pitching-moment c o e f f i c i e n t s  about  t h e  aerodynamic c e n t e r  of t h e s e  
t h r e e  a i r fo i l s  were e s s e n t i a l l y  unchanged wi th  i n c r e a s e s  i n  Reynolds number a t  
a l l  Mach numbers presented .  
3 .  A t  a c o n s t a n t  Mach number, t h e  drag  c o e f f i c i e n t  a t  z e r o  normal f o r c e  
Cdl0 
a l l  tes t  Mach numbers. A t  a c o n s t a n t  Mach number up to about  0.65, t h e  v a l u e s  
of Cdl0 of the  NACA 0012 (Oo Tab) a i r f o i l  decreased  wi th  i n c r e a s i n g  Reynolds 
number. The d i f f e r e n c e  i n  Cdl0 of t h e  NACA 0012 (Oo Tab) a i r f o i l  a t  model- 
scale and f u l l - s c a l e  Reynolds numbers was small a t  a Mach number of 0.34. Th i s  
d i f f e r e n c e  g r a d u a l l y  d isappeared  as t h e  Mach number inc reased  to  0.65.  
of both cambered a i r f o i l s  decreased  wi th  i n c r e a s i n g  Reynolds number f o r  
4 .  For a l l  test  Mach numbers presented ,  t he  maximum normal-force-drag 
ra t ios  of t h e s e  t h r e e  a i r f o i l s  a t  t h e  f u l l - s c a l e  Reynolds number were h igher  
than those a t  t h e  model-scale Reynolds number. 
5 .  I n  gene ra l ,  t h e  e f f e c t  of Reynolds number on drag-divergence Mach number 
was g r e a t e s t  f o r  normal-force c o e f f i c i e n t s  above abou t  0.7 f o r  t h e s e  t h r e e  a i r -  
f o i l s .  The drag-divergence Mach number a t  zero normal-force c o e f f i c i e n t  of t h e  
NACA 0012 (Oo Tab) and t h e  SC 1095 a i r f o i l s  was i n s e n s i t i v e  to Reynolds number 
changes,  bu t  t h a t  of t h e  SC 1095-R8 a i r f o i l  was reduced by a b o u t  0 . 0 2  because 
of t h e  change from model-scale to f u l l - s c a l e  Reynolds number. 
Langley Research Center  
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  
Hampton, VA 23665 
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TABLE 1.-  DESIGN COORDINATES FOR 
NACA 001 2 (Oo Tab) AIRFOIL 
and ordinates  given i n  percent 
a i r f o i l  chord 1 L 
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-1 .414 -. 788 
-.195 -. 195 
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TABLE 11.- DESIW COORDINATES FOR S C  1095-R8 AIRFOIL 
and ord ina tes  given i n  
percent  a i r f o i l  chord 1 
~~ 








































































































































































-.806 -. 422 -. 221 
-.173 
-.153 -. 067 
.038 
.086 
1 5  
TABLE 111.- DESIGN COORDINATES FOR SC 1095 AIRFOIL 























































































































































-.813 -. 426 -. 223 
-.174 -. 155 -. 068 
.039 
.087 
TABLE IV.- STATIC-PRESSURE ORIFICE LOCATIONS 
FOR NACA 001 2 (Oo Tab) AIRFOIL 




















































TABLE V.- STATIC-PRESSURE O R I F I C E  LOCATIONS 
FOR S C  1095-R8 A I R F O I L  




















































TABLE VI.- STATIC-PRESSURE ORIFICE LOCATIONS 
FOR SC 1095 AIRFOIL 
[Loca t ions  given i n  percent  a i r f o i l  chord]  
Upper-surf ace 
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NACA 0012 (Oo Tab) 
SC 1095-R8 
SC 1095 
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Figure 4.- Wake-survey probe used in Langley 6- by 28-Inch Transonic Tunnel. 
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(b) Section pitching-moment coefficients. 
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Figure  9.- E f f e c t  of Reynolds number on s e c t i o n  drag c o e f f i c i e n t  a t  z e r o  normal 
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Figure 12.- Effect of Reynolds number on sec t ion  drag c o e f f i c i e n t  at  drag- 
divergence Mach number of NACA 0012 (00 Tab), SC 1095-R8, and SC 1095 
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x/c 
(a )  aC - loo. 
3.- E f f e c t  of Reynolds number on chordwise p re s su re  d i s t  
CA 0012 (Oo Tab) a i r f o i l .  Symbols with p lus  s i g n  i n s i d e  
su r face .  R given i n  mi l l i ons .  
r i b u t  ion 























(b) = 11.7O.  




















(a) aC = 9.6O. 
F igu re  14.- E f f e c t  of Reynolds number on chordwise pressure d i s t r i b u t i o n  of 
SC 1095-R8 a i r f o i l .  Symbols wi th  plus s i g n  i n s i d e  i n d i c a t e  lower su r face .  
R given i n  mi l l i ons .  
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( a )  M = 0 . 3 4 ;  R - 2.9 x l o 6 .  
Figure 16.-  Effect of angle  of attack on chordwise pressure d i s t r i b u t i o n  of 
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( c )  M = 0.43; R = 3.9 x l o 6 .  
Figure  1 6  .- Continued. 
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( e )  M = 0.54; R - 4.9 x l o 6 .  
Figure 16.- Cont inued .  
Figure 16 .- Continued. 
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(9)  M = 0 .64;  R = 5.5 x l o 6 .  
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(h) M 0.68; R = 5.6 x l o 6 .  
Figure  16  .- Continued. 
51 
52 
.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 
x/c 
Figure  16.- Continued. 
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(1) M = 0.77; R S, 6.5 x l o 6 .  
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(k) M = 0 . 8 3 ;  R = 6.6 x l o 6 .  




(a)  M - 0 .33;  R *( 3.0 X l o 6 .  
Figure 17 .  
SC 1095 
- Effect of angle  of attack on chordwise pressure  d i s t r i b u t i  
-RE a i r f o i l .  Symbols with p l u s  s i g n  i n s i d e  i n d i c a t e  lower s 
on of 
, ur f ace. 
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(b) M = 0.38; R 3.5 x 106. 
Figure 17.- Continued. 
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(d) M = 0.48;  R = 4.4 x I O 6 .  
Figure 17.- Continued. 
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(e) M 4 0.54; R - 4.8 x l o 6 .  
F igu re  17.- Continued. 
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(f) M = 0.58; R - 5.2 x I O 6 .  
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(9) M = 0 . 6 3 ;  R S, 5 . 5  x l o 6 .  
Figure 17.- Continued. 
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(h) M 4 0.68; R S, 5.9 X l o 6 .  
Figure 17.- Continued. 
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(j) M = 0 . 7 8 ;  R = 6.6 x l o6 .  
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(a) M = 0.34;  R - 2.9 x iG6. 
Figure 1 8 . -  E f f e c t  of angle  of a t tack  on chordwise pressure  d i s t r i b u t i o n  of 
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( C )  M = 0.43; R = 3.8 x l o 6 .  
Figure 18.- Continued. 
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x/c 
(a) M = 0.48; R = 4.3 x l o 6 .  
F igu re  18.- Continued. 
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(e) M = 0.54; R = 4.7 X l o 6 .  




(f) M = 0.58; R = 5.1 x lo6. 
Figure 18.- Continued. 
x/c 
(9) M = 0.63; R - 5.4 x 106.  
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( i )  M = 0.73; R = 6.1 x 106. 
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(k) M - 0.83; R = 6.6 x l o 6 .  
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Figure 19.- E f f e c t  of Mach number on angle of attack a t  which boundary-layer 





M R a,@ ac 'n 'p,sonic 
- - ' O  0.88 1.5 -2.0 -2.0 -0.06 -0.23 
0 0.88 2. I -2. I -1.9 -0.20 
' 0 0 . 8 8  6.9 -2 .1  -2.1 -0.04 
Figure 20.- Effect of Reynolds number on shock wave l o c a t i o n  on NACA 0012 
(Oo Tab) a i r f o i l .  
R g iven i n  m i l l i o n s .  
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Figure 21.- Effect of Mach number on sane lower-surface pressure c o e f f i c i e n t s  
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Figure  22.- E f f e c t  of Reynolds number on v a r i a t i o n  of s e c t i o n  d rag  c o e f f i c i e n t  
w i th  Mach number of SC 1095-R8 a i r f o i l .  
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